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Introduction
Normal gait requires 10° of ankle dorsiflexion, with maximal dorsiflexion occurring just before heel lift in the late stance phase of gait for normal tibial advancement relative to the foot (Tiberio 1987) . Limited ankle dorsiflexion may contribute to various overuse lower extremity injuries such as plantar fasciitis (DiGiovanni et al. 2002; Lun et al. 2004; Riddle et al. 2003) , metatarsalgia (DiGiovanni et al. 2002; Hill 1995) , Achilles tendonitis (Kaufman et al. 1999; Wilder, and Sethi 2004) , medial tibial stress syndrome (Tweed, Campbell, and Avil 2008) , and patellofemoral pain syndrome (Lun et al. 2004) . Limited ankle dorsiflexion is also considered a contributing factor in recurrent plantar foot ulceration in patients with diabetic neuropathy (Mueller et al. 2003) . Shortness of the gastrocnemius is one of the major possible contributing factors limiting ankle dorsiflexion (Riemann et al. 2001) . Therefore, stretching exercises for the gastrocnemius are commonly prescribed and performed to increase ankle dorsiflexion and to prevent or treat overuse injuries of the lower extremity in the clinical setting and in sports (Cornwall, and McPoil 1999; Riemann et al. 2001) .
Several methods are used to stretch the gastrocnemius, including manual passive stretching, self-stretching using a belt or towel in long sitting, standing on an incline board, heel drop on the edge of a step or stool, and standing wall stretching (Kisner, and Colby 2007) . Although standing wall stretching is performed commonly, the length change of the gastrocnemius during this exercise has not been quantified. Quantitative measurement of length change of the gastrocnemius during standing wall stretching may provide useful information for clinicians to refine stretching exercises.
Ankle dorsiflexion occurs primarily at the talocrural joint, but motion of the subtalar and midtarsal joints also influences the amount of ankle dorsiflexion (Cheung, Zhang, and An 2006; Karas, and Hoy 2002) . Therefore, maintaining subtalar joint neutral position is often emphasized when measuring ankle dorsiflexion and when performing calf muscle stretching exercises (Bohannon, Tiberio, and Waters 1991; Kisner, and Colby 2007; Tiberio 1987) . In particular, the subtalar joint is readily pronated during walking and standing wall stretching in individuals with pes planus. Some authors advocate using an arch support under the medial border of the foot to minimize the stress to the arch of the foot, to prevent excessive pronation of the subtalar joint, and to create maximal tension of the gastrocnemius during calf muscle-stretching exercises in a weight-bearing position (Kisner, and Colby 2007; Tiberio 1987) .
Ultrasonography is a useful noninvasive method to assess the architecture of the muscle-tendon unit and length change of fascicles. Previous studies measured the length change of the muscle-tendon unit in the medial gastrocnemius during passive ankle stretching in the prone position (Abellaneda, Guissard, and Duchateau 2009; De Monte et al. 2006; Muraoka et al. 2002) . However, no studies have determined whether using a medial arch support improves the effectiveness for inducing length change in the medial gastrocnemius during standing wall stretching. Standing wall stretching with medial arch support may prevent compensatory pronation of the subtalar and midtarsal joints, which may affect the amount of sagittal motion of the ankle and the length change of the muscle-tendon unit of the medial gastrocnemius. This study determined the effect of medial arch support on the length change of the medial gastrocnemius during wall stretching.
In addition, this study compared the length change of the medial gastrocnemius in subjects with a neutral foot alignment and pes planus.
It was hypothesized that there would be a difference in the amount of displacement of the myotendinous junction (DMTJ) of the medial gastrocnemius between standing wall stretching performed with and without medial arch support in subjects with neutral foot alignment and pes planus. It was also hypothesized that there would be a difference in the length change of the medial gastrocnemius in subjects with pes planus compared to those with a neutral foot alignment.
Method
Subjects
Thirty subjects (20 male and 10 female; mean ± SD age, 24.2 ± 3.7 years) participated in this study. Fifteen subjects with neutral foot alignment (11 (Cote et al. 2005; Razeghi, and Batt 2002) . A neutral foot-type alignment was defined as having a RCSP between 2° of inversion and 2° of eversion, while a pes planus foot had an RCSP with 4° of eversion or more. To measure RCSP, the examiner bisected the calcaneus of each of the subject's feet in the prone position. The subject was then asked to stand in a relaxed position on a 20-㎝-high wooden box. The RCSP was quantified by measuring the posterior bisection line of the heel in relation to the ground, using a gravity goniometer (Razeghi, and Batt 2002) . ND was measured as the difference in navicular height in millimeters between standing with the subtalar joint in a neutral position and standing with relaxed foot posture. Neutral foot alignment was defined as ND between 5 and 9 ㎜, and pes planus was defined as ND exceeding 13 ㎜ (Cote et al. 2005) . Subjects who met both the RCSP and ND criteria were selected for possible participation in the study. Of those potential subjects, those who could maintain the test position (ankle dorsiflexion of 25°) were selected, while bearing 60% of their own body weight on the tested foot.
The exclusion criteria included past or current orthopaedic or neurological conditions, and lower extremity contracture or deformities that would prevent a normal stance. The Institutional Review Board of Yonsei University approved the protocol for this study, and each volunteer gave informed consent prior to participation. 
Stretching Protocol
For each subject, the foot to be tested was randomly selected by drawing a number from a pool of cards labeled with either number 1 or 2 (1, right foot; 2, left foot). Test order for stretching condition was randomly selected in a similar fashion (1, without medial arch support [WOMAS]; 2, with medial arch support [WMAS] ). To stretch the gastrocnemius, the foot to be tested was placed on the midline of the digital floor scale and the heel was placed just at the edge of the scale. The opposite foot was placed forward at a distance equal to the subject's step length, which was previously measured during gait. The subjects were asked to lean forward until the ankle attained 25° of dorsiflexion without heel lift or pelvic rotation. The hip and knee joints were maintained in an extended position during stretching. The subjects were asked to place their hands against the wall to maintain balance. The subjects were asked to bear a predetermined 60% of their body weight on the foot to be tested. The display of the digital scale was used to monitor the stretching force during the stretch.
The duration of stretching was 30 seconds. The target bar was used to maintain the stretching position constant during repeated measures. A universal goniometer was used to measure the amount of ankle dorsiflexion during the stretch, with the stationary arm placed at the lateral midline of the fifth metatarsal and the moving arm placed at the midline of the lateral side of the fibula. To maintain 25° of ankle dorsiflexion, the target bar was placed at the level of the patella. Standing wall stretching was performed once under each of 2 conditions: WMAS and WOMAS. A 30-minute rest was allowed between conditions to minimize the testing effect.
Rearfoot angle and navicular height were measured in the same position after ultrasonographic recording was completed. To measure rearfoot angle prior to stretching, each subject was asked to lie prone so that the lower one third of the leg and calcaneus could be bisected using a pen. (McPoil, and Cornwall 1996) . Navicular height, during stretching, was measured from the base of the stretching board to the position of the navicular tuberosity using a ruler.
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B. 
Myotendinous Junction Measurements
To measure the DMTJ of the medial gastrocnemius, the ultrasound probe was attached to the dermal surface, longitudinally over the myotendinous junction of the 
Statistical Analysis
To determine the intrarater and interrater reliability of DMTJ measurements using the video motion software, intraclass correlation coefficients (ICCs) were used. The 
Results
The subjects with neutral foot alignment and with pes planus did not differ significantly in age, body mass, height, or active ankle dorsiflexion range of motion.
RCSP and ND were significantly different between the subjects with neutral foot alignment and those with pes planus (Table 1) The results of the post hoc paired t test showed that standing wall stretching in the WMAS condition significantly increased the DMTJ compared to stretching in the WOMAS condition in subjects with neutral foot (mean ± SD, 10.5 ± 1.6 versus 9.6 ± 1.6 ㎜; difference, 0.9 ㎜; 99% CI: 0.4-1.4 ㎜) and in those with pes planus (12.7 ± 2.0 versus 10.0 ± 1.8 ㎜; difference, 2.7 ㎜; 99% CI: 1.9-3.5 ㎜; p < 0.01) (Table 2, Figure 4 ). An independent t test indicated that a significant difference was found with a mean difference of 1.8 mm (99% CI: 0.9-2.7 ㎜) greater DMTJ in subjects with pes planus compared to those with a neutral foot alignment (p < 0.01) ( Table 2) .
Standing wall stretching in the WMAS condition significantly decreased the rearfoot angle compared to stretching in the WOMAS condition in subjects with neutral foot (mean ± SD, 7.2° ± 1.5° versus 8.6° ± 1.3°; difference, 1.5°; 99% CI: 0.9°-2.1°) and in those with pes planus (8.0° ± 1.8° versus 11.7° ± 2.0°; difference, 3.7°; 99% CI: 3.1°-4.3°) (p < 0.01) (Table 3, Figure 5 ). Furthermore, the decrease in rearfoot angle when using the medial arch support in the subjects with pes planus compared to those with a neutral foot alignment was significant (difference, 2.2°; 99% CI: 1.5°-3.0°; p < 0.01) ( Table 3) .
Navicular height during standing wall stretching in the WMAS was significantly greater than it was during the WOMAS condition in subjects with neutral foot (mean ± SD, 50.9 ± 4.5 versus 46.1 ± 5.5 mm; difference, 4.8 ㎜; 99% CI: 3.4-6.2 ㎜) and in those with pes planus (46.1 ± 5.0 versus 34.3 ± 5.4 ㎜; difference, 11.7; 99% CI:
10.1-13.4 ㎜) (p < 0.01) (Table 4, Figure 6 ). The difference in navicular height caused by the medial arch support was significantly greater for the group with pes planus: 6.9 ㎜ (99% CI: 4.9-9.0 ㎜) (p < 0.01) ( Table 4) .
Length change of the DMTJ was positively correlated with the change in rearfoot angle (r = 0.62, p < 0.01) and navicular height (r = 0.64, p < 0.01) between the WOMAS and WMAS conditions. The p value refers to the between-group difference in rearfoot angle between subjects with neutral foot and pes planus. dorsiflexion. In this study, the DMTJ of the medial gastrocnemius in subjects with neutral foot during standing wall stretching was 9.6 ㎜ without medial arch support and 10.5 ㎜ with medial arch support; in subjects with pes planus the DMTJ of the medial gastrocnemius was 10.0 ㎜ without medial arch support and 12.7 ㎜ with medial arch support. The ratio of DMTJ to range of motion during ankle stretching was lower in our study than in previous studies (De Monte et al. 2006; Muraoka et al. 2002) . In this study, it was believed that the difference in the ratio of DMTJ to range of motion during ankle stretching was due to the difference in the starting position of ankle stretching. In this study, the starting position of ankle stretching was 0° of dorsiflexion.
The major finding of this study was that the length change of the myotendinous junction of the medial gastrocnemius was greater in the medial arch support condition compared to the condition without medial arch support during standing wall stretching. The differences in the DMTJ of the medial gastrocnemius between the conditions of being with and without medial arch support were 0.9 ㎜ in subjects with neutral foot and 2.7 ㎜ in subjects with pes planus. These differences indicate that medial arch support during stretching was more effective for the subjects with pes planus compared to those with a neutral foot. In this study, medial arch support effectively increased the amount of ankle range of motion in subjects with neutral foot by 2.4° (0.9 ㎜/0.4), according to the ratio of DMTJ to ankle motion of 0.4. Although the DMTJ increased significantly in subjects with neutral foot, further study is needed to clarify whether a difference of 2.4° between the 2 stretching conditions has clinical meaning. In subjects with pes planus, the difference between conditions was 6.4° (2.7 ㎜/0.4), based on the ratio of DMTJ to ankle motion of 0.4. Abellaneda, Guissard, and Duchateau (2009) Compensatory pronation at the subtalar and midtarsal joints may contribute to overall ankle dorsiflexion during weight-bearing activities (Donatelli, and Wooden 1995; Karas, and Hoy 2002) . Subtalar joint pronation results in dorsiflexion at the midtarsal joint and plantar flexion of the talus (Donatelli, and Wooden 1995) . These compensatory motions of the subtalar and midtarsal joints may prevent effective dorsiflexion of the talocrural joint. Therefore, it was believed that medial arch support contributes to preventing compensatory motions during standing wall stretching and results in increased dorsiflexion of the talocrural joint. Increased ankle dorsiflexion may significantly increase the DMTJ.
Although the amount of compensatory motion directly was not measured, ND and rearfoot angle differed significantly between the 2 groups and 2 conditions in this study. Navicular height and rearfoot angle were significantly smaller in the WMAS condition compared to the WOMAS condition. And the length change of the DMTJ was positively correlated with the change in rearfoot angle and navicular height between the WOMAS and WMAS conditions. These results provide evidence that medial arch support contributes to preventing compensatory motion of the subtalar and midtarsal joints. The differences in navicular height and rearfoot angle between the WMAS and WOMAS conditions were significantly greater in subjects with pes planus compared to subjects with neutral foot.
In this study, it was determined the position of the myotendinous junction visually on a computer screen to measure the DMTJ using a video motion program. The testretest reliability for the DMTJ of the medial gastrocnemius was high (ICC 3,1 = 0.97, ICC 2,1 = 0.93), indicating that our method is reliable for measuring DMTJ.
There are several limitations to this study. The first limitation was the validity of the ultrasound measurement. In this study, the position and pressure of the probe could not be maintained consistently during standing wall stretching. To ensure a constant position and orientation of the probe, double-sided adhesive tape (Muraoka et al. 2002) was used. The second limitation of this study was the testing effect. Further studies are needed to determine the effects of long-term exercise with medial arch support on increasing ankle dorsiflexion in subjects with pes planus and limited ankle dorsiflexion range of motion.
Conclusion
Standing wall stretching with medial arch support significantly increased the DMTJ of the medial gastrocnemius compared to standing wall stretching without medial arch support. In addition, the difference in DMTJ of the medial gastrocnemius between stretching with or without medial arch support was greater in subjects with pes planus than in subjects with neutral foot alignment. This study demonstrates that, when prescribing or performing calf-muscle stretching, clinicians need to emphasize the use of medial arch support to maintain a neutral subtalar joint position and to induce maximal lengthening of the gastrocnemius for a given dorsiflexion angle. 99% CI: 0.9-2.7 ㎜) (p < 0.01).
